The incidence of inflammatory bowel disease (IBD) is record high in the Faroe Islands, and many Faroese emigrate to Denmark, where the IBD incidence is considerably lower.
SUMMARY Background
The incidence of inflammatory bowel disease (IBD) is record high in the Faroe Islands, and many Faroese emigrate to Denmark, where the IBD incidence is considerably lower.
Aim
To study the IBD incidence in first-, second-and third-generation immigrants from the Faroe Islands to Denmark to assess the extent to which the immigrants adopt the lower IBD incidence of their new home country.
Methods
Data on Faroese-born Danish residents and their children were retrieved from the Danish Central Population Register for 1980-2014. Incident IBD cases were identified from the Danish National Patient Register. Standardised Incidence Ratios (SIRs) were used to compare the IBD risk in immigrants with that of Danes. 95% confidence intervals (CI) were calculated using the square-root transform.
Results
First-generation Faroese immigrants had a higher IBD incidence than Danes, SIR 1.25 (95% CI, 0.97-1.59) for men and 1.28 (95% CI, 1.05-1.53) for women. This excess risk derived from ulcerative colitis (UC), SIR 1.44 (95% CI, 1.10-1.87) for men and 1.36 (95% CI, 1.09-1.68) for women. No excess risk was found for Crohn's disease (CD). The UC risk was nearly doubled during the immigrants' first 10 years in Denmark; SIR 2.13 (95% CI, 1.52-2.92) for men and 1.63 (95% CI, 1.19-2.18) for women.
Conclusions
Although some impact of genetic dilution cannot be excluded, our findings indicate importance of gene-environment interplay in UC, as the excess UC risk in Faroese immigrants to Denmark disappeared over time and over one generation in men and over two generations in women. 1107 This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes. doi:10.1111/apt.13975 INTRODUCTION Inflammatory bowel diseases (IBD) are generally hypothesised to be caused by a combination of genetic pre-dispositions and environmental influences. 1 Recent studies do, however, indicate that the genetic pre-disposition may play a minor role than previously thought. In updated data for Swedish twins, Haldvarson 2 found the genetic component in Crohn's disease (CD) to be weaker than reported before. Furthermore, comparison of CD patients, their first-degree relatives, and healthy controls for known IBD genetic risk scores showed that the firstdegree relatives had an increased CD-specific genetic risk, but their general IBD genetic risk was similar to that of the healthy controls.
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Large population-based cohort studies from Canada 4 and Sweden 5 have shown that immigrants from lowand middle-income countries have a lower incidence of IBD than that of long-term inhabitants of these two high-income countries. Children of immigrants to these countries had an incidence of CD that was closer to, but still significantly lower, than that of the long-term inhabitants; while their incidence of ulcerative colitis (UC) tended to catch up with that of the long-term inhabitants. As the low risks of immigrant groups approached the higher risk of the receiving country within two generations, the data indicated that the incidence of IBD, and in particular of UC, was strongly modifiable by the lifestyle and/or environment of the new country. However, given that the introduction of an exposure is associated with an increased risk of a disease, a stronger support for the causation hypothesis may be revealed, if the risk of the disease also decreases once the exposure ceases. 6 The IBD incidence has increased in the Faroe Islands during the past 50 years. 7 In this respect, the development in the Faroe Islands resembles that of other countries undergoing Westernisation. 8 At present, the Faroe Islands has the highest IBD incidence in Europe with 84 per 100 000, 9, 10 a level clearly above that of other Nordic countries, for example, 24 per 100 000 in Denmark. 9 At the same time, the Faroe Islands are part of the Danish realm, and many Faroese move to Denmark for education and employment. In 2015, a total of 48 600 persons lived in the Faroe Islands, 11 while 11 500
persons of Faroese origin lived in Denmark.
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On this background, we hypothesised that persons of Faroese origin living in Denmark have a higher IBD incidence than presently found in Denmark. 10 Furthermore, we hypothesised that children and grandchildren of immigrants have a lower incidence than their forefathers, thus we undertook a nationwide, population-based cohort study of IBD incidence in first-, second-and third-generation of Faroese immigrants to Denmark. From the CPR, data were retrieved for Faroese immigrants defined as: The Faroe Islands being the country of birth or/and the Faroe Islands being the country of emigration (first-generation immigrants); and for children of immigrants defined as: a person having at least one immigrated parent (second-generation immigrants); and for grandchildren of immigrants defined as a person having at least one immigrated grandparent (third-generation immigrants). For each person, information on gender, date of birth, dates of immigration(s) and emigration(s) and date of death was retrieved. Person years (pys) were accumulated from 1 January 1980 or from date of first immigration to Denmark whichever came last; until date of emigration, death, contraction of disease, or 31 December 2014 whichever came first. Reimmigration was frequent and a given person could therefore accumulate pys in more than one risk period. Second-and third-generation also started accumulating pys from date of birth. For the entire Danish population, the pys for each calendar year were calculated using the number of inhabitants in the middle of the calendar year. Population data for the Danish population was available from Statistics Denmark.
MATERIAL AND METHODS

Study population
Diagnoses of CD or UC are recorded in the Danish National Patient Register, which was founded in 1977 and includes information from hospitals on all inpatients in somatic wards, and since 1995 also on all patients in psychiatric wards, and on all out-and emergency room patients. The International Classification of Diseases, version 8 (ICD-8) was used until 1994, where it was replaced by the 10th version (ICD-10).
14 For CD the following codes were used 563.00-563.09 and K50-K50.9. The UC codes were; 563.19, 569.04 and K51-K51.9. 15, 16 A person became a case on the first date within his/her risk period(s), he/she was registered with one of these diagnoses. To avoid inclusion of prevalent cases, we excluded cases in persons already known with an IBD diagnosis in the patient register prior to 1980.
Statistical analysis
Standardised Incidence Ratios (SIRs) were calculated as the observed numbers of IBD, CD and UC, respectively, in a given immigrant group divided by the expected numbers calculated from the accumulated pys and the incidence rates for IBD, CD and UC in the Danish population. Standard rates were calculated by gender, 5-year age groups and 5-year calendar periods. The 95% confidence intervals for SIRs were calculated using the square-root transform.
In our study, a diagnosis of IBD at the age of 19 years or younger was defined as a paediatric/adolescent case, in correspondence with the limit set on almost half of the previous studies. 17 (Table 1) . Men and women in the first-generation spent 86% and 88%, respectively, of their life in Denmark.
In the second generation, both genders spent 91%, and in the third-generation the percentage of time spent in Denmark was 98% for both genders (Table 1 ). In total, 180 incident IBD cases were observed in first-generation immigrants, 122 in second generation and 42 in thirdgeneration (Tables 2 and 3 ). For first-generation male immigrants from the Faroe Islands to Denmark, the SIR for CD was 0.81 (95% CI, 0.45-1.34), for UC, it was 1.44 (95% CI, 1.10-1.87), and for IBD 1.25 (95% CI, 0.97-1.59) ( Table 2 ). The SIRs were 1.74 (95% CI, 1.27-2.33); 0.72 (95% CI, 0.28-1.49); and 2.13 (95% CI, 1.52-2.92), respectively, for the immigrants during their first 10 years in Denmark, and 0.78 (95% CI, 0.48-1.19); 0.91 (95% CI, 0.39-1.80); and 0.82 (95% CI, 0.48-1.32); respectively, for stays beyond 10 years ( Figure 1 ). In second-generation male immigrants, the SIRs were 0.81 (95% CI, 0.47-1.30), 1.01 (95% CI, 0.71-1.40), and 0.96 (95% CI, 0.71-1.26) respectively. The majority of second-generation immigrants had one Faroese parent only, but those with two Faroese parents also had lower point estimates than firstgeneration immigrants. The third-generation male immigrants had SIRs of 1.12 (95% CI, 0.53-2.10), 0.87 (95% CI, 0.39-1.66), and 0.97 (95% CI, 0.55-1.57) respectively. The excess risks of UC and the borderline excess risk of IBD in first-generation immigrants were found only in men 20 years or above.
For first-generation female immigrants, the SIR for CD was 1.00 (95% CI, 0.70-1.40); for UC, it was 1.36 (95% CI, 1.09-1.68) and for IBD, it was 1.28 (95% CI, 1.05-1.53) ( Table 3 ).
The SIRs were 1.51 (95% CI, 1.16-1.94); 1.12 (95% CI, 0.68-1.72); and 1.63 (95% CI, 1.19-2.18), respectively, for the immigrants during their first 10 years in Denmark, and 1.07 (95% CI, 0.80-1.41); 0.89 (95% CI, 0.50-1.47); and 1.15 (95% CI, 0.83-1.56); respectively, for stays beyond 10 years. In the second generation, the SIRs were 0.92 (95% CI, 0.60-1.36), 1.29 (95% CI, 0.97-1.69), and 1.18 (95% CI, 0.92-1.48) respectively. In contrast to the pattern in men, second-generation immigrants with two Faroese parents had higher point estimates than those with one Faroese parent only. In the third-generation female immigrants, the SIRs were 1.83 (95% CI, 1.08-2.90), 1.18 (95% CI, 0.62-2.02), and 1.46 (95% CI, 0.95-2.14) respectively. The excess risks of UC and IBD in first-generation immigrants were found Aliment Pharmacol Ther 2017; 45: 1107-1114in women both below and above 20 years of age. The borderline significant excess risk of UC in second-generation immigrants was found only in women 20 years and above. The excess risk of CD in third-generation immigrants was found in women both below and above the age of 20 years, but the numbers did not reach statistical significance when divided by age.
DISCUSSION
Our study based on nationwide data demonstrated that first-generation Faroese immigrants to Denmark had an about 25% higher incidence of IBD than the Danish population. This excess risk derived exclusively from UC, where the Faroese immigrants had a 44% higher incidence than Danes, while there was no difference between the two populations in the incidence of CD. The excess risk of UC was nearly doubled during the immigrants' first 10 years in Denmark. After 10 years in Denmark the immigrants' UC risk was similar to that of Danes. For women, but not for men, the excess risk of UC prevailed among second-generation immigrants in adult age, especially among those with two Faroese parents. All third-generation immigrants had the same risk of UC as the Danish population. The immigrants of Faroese origin over three generations thus adapted the lower UC risk of their new home country. Surprisingly, third-generation female, but not male, immigrants had an excess risk of CD as compared to Danes.
To our knowledge, this is the first nationwide study of IBD incidence among immigrants from a high-risk country to a country with a lower risk, although in an international perspective Denmark is also a high-risk country. 10 Studies of IBD in migrants date back to the famous study by Probert et al., from 1992 on IBD in migrants of South Asian descent into the city of Leicester in the United Kingdom. 18 Recently, two nationwide studies have assessed the IBD incidence in immigrants from low-risk to high-risk countries. A Canadian study showed that the incidence of UC among immigrants was 0.42 (95% CI, 0.33-0.53) as compared to that of the Canadian population, but this relative incidence increased to 0.78 (95% CI, 0.60-1.01) in their children. The same trend was observed for CD, where immigrants had a relative incidence of 0.25 (95% CI, 0.19-0.32), which increased to 0.49 (95% CI, 0.38-0.63) in their children. 4 A study from Sweden found similar results, as the incidence of UC in immigrants was 0.81 (95% CI, 0.77-0.85) as compared to that of the Swedish population, but 0.95 (95% CI, 0.89-1.02) in their children. For CD, the relative incidence was 0.75 (95% CI, 0.71-0.80), and for their children, it was 0.91 (95% CI, 0.85-0.98).
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The Canadian and Swedish studies covered immigrants from low-risk to high-risk countries. In these studies, first-generation immigrants had a deficit risk both for CD and UC, and these deficit risks diminished among their children. The introduction of an exposure thus manifested itself over one generation. In our study, first-generation immigrants had an excess risk of UC during their first 10 years in Denmark, and this excess risk disappeared over time and over one generation in men and over two generations in women. The removal of an exposure thus manifested itself over one-to-two generations. Together these studies form a strong evidence for the importance of -so far unidentifiedenvironmental exposures in the aetiology of UC. In the analysis, we controlled for sex, age, and calendar period, but we were not able to control for other risk factors as these data are not available in Danish registers. It should also be noted that the decreased risk from first to second-generation immigrants could in part be due to genetic dilution as the majority of second-generation immigrants had one parent only of Faroese origin. In second-generation immigrants with two parents of Faroese origin, the men had no excess IBD risk as compared with Danes, but there was an indication of an excess risk in women. A longer follow-up of the cohort will show whether this reflects true differences or a random variation due to small numbers.
It is noteworthy that in our previous study of time trends in IBD incidence in the Faroe Islands, we found a rapid increase over time in the UC incidence, while the trend for CD incidence showed a more modest increase. Furthermore, for CD patients' disease was primarily located in the colon (L2) 7 and the average age at onset is higher in the Faroe Islands than in the rest of Europe.
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IBD is believed to occur in genetically pre-disposed individuals. 19 The genetic background for the high incidence in the Faroe Islands is still unknown, but the innate risk of developing IBD is likely to be higher compared to other populations. The Faroe Islands is an autonomous country within the Kingdom of Denmark with Danish rule dating back to the mid 1500s, and Danish trade monopoly until the mid 1800s. The Faroese population originates in part from Scandinavia, and -in particular for the female part -from the British Isles. 20 Nevertheless, the Faroese population has been isolated and is genetically relatively homogeneous, with some rare disease syndromes attributable to founder mutations, as for instance carnitine transporter deficiencies, 21 glycogen storage disease type IIIA, 22 and cystic fibrosis. However, genetics alone cannot explain the recent steep increase in IBD incidence in the Faroe Islands. 7 Differences in diet are considered to be the most topical and likely factors in explaining the geographical variation and rising incidence of IBD. 24 The intake of fish in adults is higher in the Faroe Islands 25 than in Denmark. 26 Therefore, despite the difference in latitude between the Faroe Islands (62°00 0 N) and Denmark (55-57°00 0 N) and the consequential difference in solar exposure, vitamin D deficiency (= <50 nmol/L) in elderly people has been found to be at the same level in the two countries; 54% in the Faroe Islands, 25 and 55% in Denmark. 27 While IBD patients have been found to have high prevalence of vitamin D deficiency, 28 this factor is unlikely to explain the higher IBD incidence in the Faroe Islands than in Denmark. Nevertheless, westernisation has changed the living conditions in the Faroe Islands during the past 50 years. The traditional diet of fish, lamb and pilot whale meat has changed to include a broader variety of imported foods. This means, however, that the present dietary pattern in the Faroe Islands is fairly similar to the present dietary pattern in Denmark. It is therefore unlikely that the westernisation of the dietary pattern in the Faroe Islands can explain both the increasing IBD incidence in the Faroe Islands, and the decreasing IBD incidence in Faroese immigrants to Denmark. At present, we have no suggestion for the possible aetiological agent(s) behind the high IBD risk in the Faroese population. We are currently investigating the IBD risk in the Faroese mother-child cohorts, 29 and we hope that this further characterisation of high-risk subgroups may provide clues to this puzzle. It should also be taken into account that risk factors may affect native and migrant populations differently, as seen for instance in the different risk profiles of IBD patients in Australia for migrants of middle east origin and for natives of caucasian origin. 30 It is a strength of the study that all risk periods could be measured accurately due to the availability of complete im-and emigration histories in the Danish population register. The use of Danish National Patient Register data for identification of incident IBD cases both among the immigrants and among the Danes ensured that the same case definitions were used for the numerator and for the denominator. Our study had, however, also some limitations. We defined an incident IBD case as the first time a person had either an in-or an out-patient contact with the relevant diagnosis in the Danish National Patient Register. This definition does, however, lead to a higher IBD incidence than in the ECCO-EpiCom study, 9 where patients had to meet the Copenhagen Diagnostic Criteria based on clinical symptoms, endoscopic or radiological evidence or mucosal biopsies. The ECCO-EpiCom age-standardised rate (European Standard Population) was 24 per 100 000 for Denmark, while this rate was 45 per 100 000 in our data. For this reason, we were not able to compare our IBD incidence data for the immigrants with the available rates from the Faroese population, as these rates were generated based on the Copenhagen Diagnostic Criteria. 7 This reflects the inaccuracy of using the routine hospital discharge diagnosis. But diagnoses according to the Copenhagen Criteria were not available in the register data. Furthermore, the purpose of the present study was to compare the IBD risk of Faroese immigrants with that of Danes in general. Using the register data only, we ensured that potential diagnostic misclassifications affected the numerator (observed cases in Faroese immigrants) and the denominator (expected cases in Faroese immigrants) to the same extent. Although we included all Faroese immigrants to Denmark, some numbers were small, which could result in random findings. It will in particular be important to follow-up on the observed difference between secondgeneration men and women with two parents of Faroese origin, and on the excess risk of CD in third-generation female immigrants.
In conclusion, this population-based study showed an excess risk of UC incidence in Faroese first-generation immigrants to Denmark. This excess risk diminished over time and over generations, faster for men than for women, and the UC incidence of third-generation immigrants was in line with that of the Danish population. Although the fact that the IBD risk was still high in female second-generation immigrants with two Faroese parents could point to some genetic dilution, the general pattern supports the causation hypothesis of environmental risk factors in IBD and stresses that the geneenvironment interaction in the Faroese population is of importance. Future research should focus on identification of these risk factors.
